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Abstract: Safe access to drinking water and sanitation is a human right and a key goal of sustainable
development, which must also be achieved in rural areas. This work proposes and simulates the
application of a conceptual model for a basic sanitation safety plan tailored for rural areas, called the
Rural Basic Sanitation Safety Plan (RBSSP). The methodology includes technical and scientific review
approaches, followed by consultation with specialists through the Delphi method and simulation
in a case study. The RBSSP framework includes six fundamental principles, six steps, and twenty
actions to be performed. In the case study, the final conceptual model application was simulated for a
rural settlement scenario, which led to significant changes in the actions, subdivisions and phases.
Key findings highlight that community participation, involvement and empowerment are the most
relevant factors for successful implementation. The necessary tools for RBSSP preparation, such as
risk assessment methodologies and management plans, must be applied considering the scenario.
Finally, after simulating the conceptual model, we conclude that it is necessary to adapt actions and
apply methods and techniques developed and appropriate for rural areas to develop an effective
RBSSP for each specific scenario.

Keywords: basic sanitation; public health; rural communities; safety plan; small communities

1. Introduction

In addition to the objectives set for SDG 6, each country has its own targets. In Brazil,
it is estimated that 5.5 million people live without water supply, and 58.4 million without
safely managed sewage services [1]. It was established, as a national goal, that contracts for
public for water and sewage services should include reaching 99% of the population with
potable water and 90% with sewage collection and treatment by 2033 [2].

Evidence indicates the impact of sewage, solid waste management, and rainwater
systems [3–5] on water quality for human consumption and population health. However,
the literature often fails to address these systems as part of an integrated planning ap-
proach, particularly concerning safe management. In Brazil, potable water supply, sewage,
solid waste and rainwater management constitute integral components of the overarching
concept of basic sanitation, each requiring equal attention and adequate provision. Its
inadequacy and insecurity, especially in rural areas, impacts population health status [6,7]
since it is one of the main social determinants of health [8].

Safety plans are tools that aim to provide both management and operation of wa-
ter supply (WSS) and sewage (SSS) systems in a safe way, based on risk management
assessments, and have been applied around the world [3,9,10]. These tools have been
separately applied in rural areas in order to achieve infrastructure and other low cost
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improvements [4,11,12], especially regarding safety measures [13–15], associating the re-
duction in health risks with water management systems’ improvement. The steps of Water
Safety Plans (WSP) and Sanitation Safety Plans (SSP) include diagnostic stages, health risks
assessment in populations exposed and management and improvement plans [14,16,17].
Both approaches divide into preparation, system assessment, operational monitoring, man-
agement, communication, and feedback steps. In addition to the previously mentioned
steps, the scope of the WSP is limited to drinking water, covering the entire process from the
catchment area (basin) to the tap. The WSP framework includes the public health context
and health outcomes, health-based targets, the plan itself, and surveillance actions [13–16].
The SSP differs from the WSP in its scope, which encompasses the management of excreta.
The SSP covers the entire process from the household where the sewage is produced to
its final disposal [6,13–16]. Furthermore, both frameworks have been implemented since
their development, and there is evidence suggesting that they provide advantages for the
population and water suppliers [18,19].

However, rural areas require process simplification and the provision of comprehen-
sive support to small communities, particularly from an educational standpoint [4,18]. In
addition, rural areas may experience reduced risks by addressing all four components of
basic sanitation together, rather than relying on a single WSP or SSP. These tools must be
adapted to each local context when they are designed and implemented, and also legislation
and established targets [14,16,19]. Recent advances show that safety plans can serve as
effective tools for managing potential hazards and prioritizing investments, even in small
systems [20–22].

In this context, significant research gaps exist regarding the adaptation of methodolo-
gies to the characteristics of any rural environment, as well as the need for an integrated
approach to all components of basic sanitation in an integrated way: water supply, sewage,
solid waste management and rainwater management. The literature usually focuses on
adaptation for specific rural community typologies [4,5,7,11,18]. Additionally, case studies
usually address either water supply or sanitation services independently, which do not
consider all four components and their risks in the same community [3–5,10,11,18,20,21].
Thus, the objective of this work was to propose and simulate the implementation of a
conceptual model for the Rural Basic Sanitation Safety Plan (RBSSP), tailored specially for
rural areas.

2. Materials and Methods

This research posits the CMRBSSP, encompassing four basic sanitation components:
potable water supply services, sanitary sewage, urban cleaning, and solid waste and
drainage/rainwater management. Its development (Figure 1) progressed through three
phases: (1) searching and reviewing technical and scientific documents to support WSP
and/or SSP preparation and implementation; (2) proposing an initial conceptual model of
the RBSSP (ICMRBSSP); and (3) consulting specialists via the Delphi method to refine the
developed CMRBSSP, which was divided into two phases. Subsequently, the CMRBSSP was
applied in a rural community.
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Figure 1. Development phases flowchart for a Conceptual Model for Rural Basic Sanitation Safety
Plan (CMRBSSP).

2.1. RBSSP Conceptual Model (CMRBSSP)
2.1.1. First phase

In phase 1.1, a survey of technical documents was applied according to the litera-
ture [23–25]. This survey was produced by the WHO to support WSP and/or SSP prepa-
ration. Then, descriptive analysis using data from the survey was executed to identify
the main safety plans steps and elements, as well as the quantitative evaluation of their
citations on the Google Scholar platform.

In phase 1.2, a search for technical documents, regulations and public policies with
guidelines related to basic sanitation in rural areas and risk management was conducted.
A listing of fundamental guiding services’ provision and contributions to the preparation
of safety plans based on selected materials was also created. Finally, in phase 1.3, the
scientific literature was reviewed, such being the method adopted for frameworks and
conceptual model preparation in [24,26–29]. Scientific articles were obtained from the
Scopus database, applying different descriptor combinations as follows: “safety plan”
OR “security plan” AND “small communities” OR rural AND water OR sanitation in
title, abstract and keywords and selection of filters “Articles” and “Language: English
and Portuguese”.

After reading the title and abstract, some scientific papers were excluded for the
following reasons: (i) did not deal with WSP or SSP preparation or support its preparation;
(ii) did not explain the method or technique used to elaborate or support the preparation
of WSP or SSP; (iii) only mentioned the words WSP or SSP without emphasis on them; or
(iv) were not analyzed by peers.

The scientific papers included were those which explained the methodology for
preparing the WSP and SSP or other methods that collaborated in this process, as well as
their adaptations. Thus, the information obtained from these papers, as well as the number
of citations, were extracted upon verification of the subject’s relevance.

Data registered in phase 1 supported the next phase, regarding the identification of
fundamental principles and the necessary steps for ICMRBSSP.
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2.1.2. Second Phase

The analysis of the information obtained in the previous phase was executed, including
the WSP and SSP stages’ relevant fundaments extracted from the gray literature and
methodologies adopted by the scientific literature, and an initial proposal for the CMRBSSP
was built, consisting of the following items:

• Fundamental principles that will be the basis for plan preparation;
• RBSSP steps, which will demonstrate their logical sequence;
• Objective that will explain the purpose of the each stage;
• List of actions with activity sequence, and how they should be performed in order to

achieve the objective;
• Instruments that will be used to perform the listed actions;
• Products that must be obtained at each stage end of RBSSP;
• Implementation of a summary figure, instrument used to facilitate the visualization of

the steps, and the general structure of the RBSSP.

2.1.3. Third Phase

This phase, performed in two sections (remotely and in person), was the specialists’
consultation using the Delphi method, aimed at constructing frameworks and conceptual
models [23,24,27].

In phase 3.1, an individual survey was elaborated with the CMRBSSP initial proposal
(Supplementary Materials, Tables S1–S3) to be submitted for analysis and contributions.
Then, 16 specialists trained and with enough experience regarding basic sanitation, ru-
ral areas, WSP and specificities of the Brazilian regions received, by e-mail, individual
questionnaires. Thus, using these surveys, they were able to evaluate ICMRBSSP topics
(fundamental principles, stages, actions, among others). In addition to objective responses,
they could register any comments on each evaluated item.

Phase 3.2 was accomplished in person and, for this reason (which implied travel costs
and time availability), only eight specialists, who participated in phase 3.1, were able to
attend. The items that built the ICMRBSSP (listed in the second phase) were discussed
among the specialists until consensus was reached, contemplating the following dynamics:
(i) presentation, or initial round, of discussion topics, including results and contributions
obtained in phase 3.1; (ii) compilation of contributions and the presentation of a new
proposal; (iii) discussion round with new contributions added, followed by the compilation
of information; (iv) continuous repetition of Item “iii” until a consensus of the results was
reached; and (v) building a Conceptual Model for RBSSP (CMRBSSP).

2.2. Case Study

In order to verify the possible difficulties encountered during the application of
CMRBSSP, a simulation was implemented in a rural community in the Brazilian state of
Goiás. The community was chosen based on the existence of basic sanitation infrastructure,
both collective and individual, water supply, sanitary sewage solutions, solid waste man-
agement and rainwater, regardless of its scope. This happened among the communities
contemplated on the Sanitation and Environmental Health Project in Rural and Traditional
Communities of Goiás (SanRural), in a partnership between the Federal University of Goiás
(UFG) and the National Health Foundation (FUNASA). Thus, the João de Deus agrarian
reform settlement was chosen (Figure 2), located in the Silvânia municipality, Goiás, Brazil,
where its technical–participatory diagnosis was used [30], and where the necessary data
for ICMRBSSP simulation application were found. João de Deus is a community with a
population of 58 people. The water supply for 63.7% of the population comes from drilled
wells (from both unconfined and confined aquifers). For the remaining 36.3%, the water
supply is supplemented by springs and surface water as secondary sources. Most of the
population (90.9%) collects water within their own dwellings. The water quality is classified
as marginal, primarily due to the presence of Escherichia coli and heterotrophic bacteria
exceeding potability standards. There is no water treatment system in place. Sewage
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management is limited since 90.9% of the population uses rudimentary tanks for sewage
disposal. Furthermore, 81.8% of the waste is burned, and there is no infrastructure for
rainwater drainage [30].
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Figure 2. João de Deus agrarian reform settlement location [30].

During the simulation, each step application and where their respective actions should
occur was evaluated, with all results registered in a spreadsheet for comparison purposes
with the CMRBSSP proposed, identifying aspects that could be adapted and/or improved.
For CMRBSSP simulation stages, it was necessary to define which techniques and tools were
to be used. Thus, the methodology proposed by Bezerra et al. [31] and, for individual ones,
the rural sanitation safety index developed by Scalize et al. [32] were chosen.

As a simulation, this compound does not present the detailed results for CMRBSSP appli-
cation, but instead shows the difficulties encountered and the adaptations/improvements
necessary for a more proper application, and the local reality was taken into consideration.

3. Results
3.1. RBSSP Conceptual Model (CMRBSSP)
3.1.1. First Phase

Safety plans were recommended and proposed by the WHO, in first place, which
produced manuals to support the implementation of said plans. Thus, these documents
and those processed in phase 1.2, which impact or guide goals, actions and plans related to
basic sanitation, were considered and analyzed. Table 1 lists the compilation of selected
documents, their application area and the assumptions supporting the preparation of safety
plans, including their application area and their quantity of Google Scholar citations, when
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applicable. Among the eleven documents, four refer to the WSP, two to the SSP and one
document to each of the following topics: risk management; basic sanitation in rural areas;
basic sanitation legislation; and health legislation and drinking water regulations. All were
used to extract assumptions that could form the foundations of the RBSSP.

Table 1. Relevant documents for security plans implementation at first and second moments of first
phase, application area, citations and assumptions that guide the documents.

1st
Phase Ref. Application Area Google Scholar

Citations Premises

1◦ [16] WSS manual 463
Identify and assess risks; identify and validate barriers;
implement improvements; demonstrate effectiveness;
review and record risks and their levels.

1◦ [13] WSS manual for small
communities 68

Understanding and commitment, preventive approach,
flexibility and adaptation, multiple barriers,
continuous improvement, regular review.

1◦ [33] WSS manual 323
Health-based targets, system assessment, monitoring
and control measures, management plans and
surveillance.

1◦ [14] SSS manual 89 Health risks’ identification, improvements
implementation and monitoring.

1◦ [34]
Water quality and safety
guides for human
consumption

71 Principle of multiple barriers, risk analysis, critical
control points and systematic approaches.

1◦ [35] Safety guides for domestic
sewage management 151 Site-specific risk management and assessment.

1◦ [36] Risk management 141 Risk management, continuous improvement,
accountability, decision making and integration.

2◦ [37] Guidance on programs and
targets for rural areas NA

Multiscale services management, education, social
participation and integrated appropriate technologies,
by structural and structuring measures.

2◦ [38]

Legislation on potability
standards and procedures for
surveillance and quality
control of water for human
consumption

NA

Potable water standard for human consumption,
surveillance and water quality control for human
consumption and systematic systems evaluation with
health risks perspective, through the Potable water
safety plan (PWSP) elaboration.

2◦ [39] Legislation on basic sanitation NA Fourteen fundamental principles applicable to rural
areas.

2◦ [8] Health legislation NA Social determinants of health including basic
sanitation.

Note: Not applicable = NA.

Based on the listed assumptions (Table 1), linking them to basic sanitation components
and framework elements (Table 2), six guiding fundamental principles were formulated
to compose the CMRBSSP, (1) risk management; (2) education and social participation;
(3) reality-suited technologies; (4) multiple barriers; (5) expanded health concept; and
(6) all federal basic sanitation policy principles in Brazil, enabling a comparison with the
answers of specialists. For application in countries without basic sanitation policies, the
sixth CMRBSSP principle must be adapted to local legislation.

Since the release of the WHO manuals in 2009 [16], some safety plans have been
implemented and, until 2017, at least 93 countries had at least one experience implementing
WSP in communities, towns, cities, and systems, among others [40]. The SSP, however,
a shorter existence plan, where the pilot-test took place in Philippines, only started in
2016 [14].
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Table 2. Types of safety plans, their steps and elements of their respective frameworks.

Types of Safety Plans

WSP SSP

Modules (steps) [14,16]

1. Assign a WSP team
1. Preparing for sanitation safety planning

2. Describe the WSP

3. Identify hazards and hazardous events, and assess risks 2. Description of the sanitary sewage system

4. Determine, validate and prioritize control measures and risks 3. Identification of hazardous events, assessment of existing control
measures and exposure to risk5. Develop and implement improvement plans

6. Define and monitor control measures 4. Development and implementation of an incremental improvement
plan7. Check WSP effectiveness

8. Elaborate management programs
5. Monitoring of control measures and performance verification

9. Develop subsidy/support programs

10. Plan and execute periodic reviews
6. Development of support programs and plan review

11. Review the WSP

Framework elements [34,35]

Context and results in public health terms National Government Functions

Health result goals Local governance functions

System Rating * Community Engagement Functions

Monitoring * Individual services and systems

Management and communication * Shared services and systems

Vigilance Infrastructure

Note: * = These steps that are part of WSP.

Among all relevant documents that were reviewed (Table 1), four of them explained the
framework stages and parts to guarantee water safety and sewage in WSP and
SSP [14,16,35,40].

Phase 3.1 referred to the bibliographic research and resulted in 53 scientific papers.
From them, 16 were excluded due to the application of filters, while the other 32 were
removed by exclusion criteria. Finally, 21 articles met all inclusion criteria, which presented
an average of 11.62 citations, with standard deviation of 13.99 and variation coefficient of
1.20 (Table 3). Of these, twelve (57.14%) used the full WHO methodology, six (28.57%) used
adapted WHO methodology, and three (14.28%) used their own methodologies.

Table 3. Methodologies for preparing WSS or SSS used in research found in literature review.

Methodologies and Techniques Used Reference Citations Country

WHO methodology

[11] 3 India

[19] 11 Bangladesh

[41] 1 Brazil

[42]
[43]

19
14 China

[44] 27 Canada

[45] 24 Bangladesh, Bhutan, Cambodia, Cook islands, Lao,
Mongolia, Nepal, Filipinas, Sri-Lanka, East Timor, Vanuatu

[46] 2 Senegal

[47] 2 South Africa

[48] 17 Marshall islands

[49]
[50]

2
2 Nepal



Resources 2024, 13, 90 8 of 24

Table 3. Cont.

Methodologies and Techniques Used Reference Citations Country

Based on the Guidelines for Drinking-Water Quality
(WHO) [51] 61 Bangladesh

Simplified WHO methodology, without
determination of control measures, management
plans and post-incident review

[52] 14 Senegal and Burkina Faso

WHO methodology, adapted to include climate
change resilience [9] 0 Vanuatu

WHO methodology, adapted to include urgent
corrective actions soon after risk assessment [53] 14 Nepal

WHO methodology, adapted for using WSP QA tool [54] 1 Iran

WHO Methodology WSP for Small Community
Water Supplies [55] 15 India, Democratic Republic of Congo, Fiji, Vanuatu

Own methodology, considering regular operation,
maintenance and emergency plan [56] 6 Nepal

WHO methodology, adapted for specific risks in cold
regions [57] 9 Canada

Own methodology, based on participation methods
(PHAST) [58] 0 Unidentified

Total 244 citations (mean = 11.62; SD = 13.99; CV = 1.20)

Note: SD: Standard deviation; CV: Coefficient of variance.

Among the works that adopted the WHO methodology in full for the preparation of
the WSP or SSP, several techniques were used for data collection and risk analysis, including
the risk matrix [11,42,47,50]. The tools for executing each step were not developed in this
work and will be addressed in the discussion.

3.1.2. Second Phase

In the technical review (phases 1.1 and 1.2), the main stages and elements of a con-
ceptual model for safety plans were identified, in addition to the guiding fundamental
principles for their preparation. In the scientific review (phase 1.3), the main methodologies
used and their adequacy to each local reality were verified, including additional methods
applied in evaluated experiences.

From this, the ICMRBSSP was developed (Figure 3) in two parts, composed by six fun-
damental principles and six steps.
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The first part of the ICMRBSSP involves the fundamental principles, including the local
context and safety plans, specifically risk management; education and social participation;
technologies suited to reality; multiple barriers; and expanded health concept and principles
of Law n. 11,445/2007 [39]. The second part of the ICMRBSSP was constructed in two steps—
each one with its respective objective and a set of actions—and covers how these should
be implemented, what instruments are needed, and the products expected when finishing
their execution.

3.1.3. Third Phase

The results of this phase will be presented as follows: products obtained at phases 3.1
and 3.2; initial and final versions of fundamental principles, steps and actions; and final
structure of the CMRBSSP.

In phase 3.1, after the initial contact, the survey was sent by e-mail to 16 specialists
that live in different regions of the country who research and know the characteristics
of the proposed subject. After 20 days, with a dropout rate of 26.6%, 12 specialists sent
their completed surveys, with 33.3% of the experts being members of FUNASA-DF, the
main national public foundation for health promotion and prevention, especially in actions
related to rural sanitation basics. The states of Bahia, Ceará, Minas Gerais and Paraíba
contributed, each one, with 8.33% of the surveys; Goiás and Santa Catarina contributed
with 16.66% of the surveys; the other 66.6% represented other Brazilian locations.

Phase 3.2 was applied in the city of Goiânia, Brazil, in November 13 and 14, in 2018,
as a panel discussion. Eight specialists were present, representing 66.6% of those who
participated in the phase 3.1, aiming to define the CMRBSSP and its parts.

The first group consensus reached was that the methodology should be composed by
short, objective and flexible elements. Thus, the CMRBSSP should contemplate only RBSSP
fundamental principles, its stages and actions. The items referred to how each action was
performed, the necessary instruments and the expected products, which are included for
the initial proposal, that must be excluded from the conceptual model, although they may
be examples of its execution, in practice.

(a) Fundamental principles

In the survey, 63.6% of the specialists partially agreed with the fundamental principles
mentioned, and 36.4% fully agreed. Figure 4 lists the initial proposition, the written
contributions and the final fundamental principles’ proposition.

All contributions were discussed in a panel of specialists, where they reached the
consensus of fully adopting two contributions: the adoption of the denomination “health
extended concept” and elimination of the item “technologies locally adapted”, as it was
already contemplated in another fundamental (fundamental principles of national basic
sanitation guidelines). There were discussions to avoid overlapping fundamental principles
and to limit their scope to basic sanitation. Finally, the last consensus among specialists
was the mobilization and social participation actions, which should transversally permeate
all RBSSP stages and actions.

(b) Stages

Figure 5 presents the initially proposed steps and their final version after the specialists’
consensus. Among the six steps, only two (4 and 5) kept the name proposed initially. The
remaining steps underwent changes as a result of discussions that aimed to generalize the
actions to be performed, avoid repetitions and convey a clear and concise message.

(c) Actions

Figures 6 and 7 show the actions for initial proposition of ICMRBSSP: the result of the
specialists’ assessment in phase 3.1 of consultation regarding full (Y) or partial agreement (P)
or disagreement (N), and their final proposition after phase 3.2. On subsequent paragraphs,
the evolution of each stage is detailed. CMRBSSP application in the third phase, meanwhile,
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requires local adaptation to each reality, local cultural, regulatory and socio-environmental
characteristics that must be observed.
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For Step 1, remote actions at the time were approved. Action S1-A5 had the highest
disagreement and received three textual contributions. The first one was the need, in
practice, to include a perception survey on the existing sanitation reality and what the
community wanted from this service. In the second one, an inquiry questioned how many
representatives existed per community, and whether if just one would be enough. Finally, it
was suggested, in order to apply the action in practice, that health and sanitation concepts
must be built with the participation of the community, as a more properly integrated way to
make contributions. Despite this, after the specialist panel, it was decided to reorganize the
actions and generalize the necessary representations in action S1-A1 including population
groups, relevant for RBSSP preparation, and the elimination of actions S1-A6 and S1-A7.

For Step 2, although in the survey phase there was total agreement (100%) regarding
the proposed name and actions were concluded in debate, specialists suggested changes
as a way to simplify the textual writing. Two of the five actions were disagreed upon in
the survey phase. As result, actions S2-A1, S2-A2 and S2-A3 were rewritten generalizing
the activities meant to be developed, and S2-A4 and S2-A5 were eliminated. For the
latter, textual contributions were the final products and they did not have actions to be
performed, pointing out that S2-A5 was a consequence of the previous ones. There was
the need to expand the collected data, encompassing those on sociodemographic and
environmental aspects, in addition to those initially proposed (health and basic sanitation).
This information is important to justify consecutive steps.

Step 3 obtained unanimity among specialists in phase 3.1, regarding both the title and
the actions (Figure 7). Even though there was consensus concerning the actions discussed,
textual contributions were made related to stage objective writing and to proposed actions.
In the face-to-face discussion, the items’ writing and organization were reformulated,
seeking to simplify terms without eliminating any action. The specialists agreed that, at this
stage, the RBSSP goals’ purpose as a whole objective should be established. The choice to
execute all activities listed in a single step aimed to ease the flow of information, necessary
for the definition of goals, so that the developer could assess the risk and be able to directly
apply the result assessment for sanitation and health problems resolution.

For Step 4, at the survey phase, it was possible to observe partial disagreement in
all actions (Figure 7). The textual considerations pointed out the need of adjustment of
the terms adopted and to add an item or action aiming to assess the commitment of the
decision makers. However, after solid discussion in person, it was agreed that this was not
the space to include this action which was initially suggested in the proposal.

In Step 5, the specialists did not approve the action suggested in the survey (Figure 7).
The written considerations highlighted the possibility of confusion for the procedures
adopted in routine and in emergency situations. It was, then, suggested that it should be
divided into two separate actions, originating S5-A1 and S5-A2.

In Step 6, there was disagreement regarding the S6-A2 in phase 3.1, when further
explanation was requested regarding the established health goals (Figure 7). In the face-to-
face discussion, the number of actions was reduced to two (S6-A1 and S6-A2) in order to
avoid actions overlapping and simplify writing.

Finishing the face-to-face discussion, the specialists emphasized that, for RBSSP im-
plementation, education and social participation must remain, in a transversal way and for
all its stages and actions. In this way, S1-A4, S1-A5, S2-A2 and S6-A2, which are constant in
the ICMRBSSP (Figures 6 and 7), remain throughout the CMRBSSP.

Likewise, it is essential to maintain consistency in the articulation and compatibility
of concepts and denominations adopted in the plan with those endorsed on the National
Program on Rural Basic Sanitation (PSBR), and the social movements related to the type
of community that will receive it, when its application occurs in Brazil. The RBSSP must
be prepared and implemented in alignment with public policies for each country, state,
province or locality. Finally, there was also an emphasis on the importance of integrat-
ing and incorporating the community for RBSSP preparation, as a way of facilitating its
successful implementation.
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(d) CMRBSSP final framework

In order to enhance CMRBSSP understanding and its application, the diagram shown in
Figure 2 was adjusted according to research results, and transformed into the final RBSSP
framework, as seen on diagram in Figure 8.
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3.2. Case Study

A simulation for CMRBSSP application to elaborate a RBSSP was executed at João
de Deus agrarian reform settlement. This allowed the required identification of steps
and actions, with adaptations for this specific municipality. The main steps and actions
were related to the execution order, separation into sub-steps and inclusion of phases. In
Supplementary Materials, Tables S1–S3, the actions obtained on CMRBSSP are shown, as
well as the suggestions for adaptations. It can be noted that all actions were contemplated
with phases, and some steps were divided into sub-steps.

4. Discussion
4.1. RBSSP Conceptual Model (CMRBSSP)
4.1.1. Phase 1.1

After analyzing the documents, it was possible to identify that the WSP emerged
around year 2000, shortly after the proposed WHO review Drinking Water Quality Guide
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and the Australian experience in Victoria, with water management plans risk [59,60].
During the discussions of the present work, it was possible to observe the need to develop
guidance guides and good practices for safe drinking water supplying covering quality and
quantity issues [13,34,60]. This material evolved throughout discussions, and the approach
which became a tool to guarantee safe drinking water was the WSP, whose official guide
was launched in 2005 by the WHO and uses Hazard Analysis and Critical Control Points
(HACCP) as a methodology key for the identification of hazardous events [16,61].

In Portugal, this methodology has been implemented since 2003 with one leading,
applied in Águas de Cávado, as a WHO pilot experiment [62–64]. In methodology terms,
this WSP was implemented in three phases: (1) the fundamental principles, in which
the system is described, and risks, critical limits and corrective actions are evaluated;
(2) operational aspects, where the relevant aspects about risks within the system, the critical
control points and the necessary contingency plan are registered; and finally the last phase,
which is the (3) functioning, monitoring and continuous evaluation [62,63].

In Bangladesh, WSP application took place in small communities, as a very innovative
experience in 2005, aiming to avoid contamination [65]. Considering this methodology, in
addition to evaluate sanitation systems and the incidence of diarrhea, hygiene practices and
community’s behavior was considered in the pilot systems. The community was trained
on operational monitoring, preventive maintenance and water collection systems, using
visual tools adapted to this reality [51,65]. The experience in Bangladesh showed that
community engagement tools, focused on water safety, promote community empowerment
and contribute to design and implement plans successfully. This is because people provide
relevant information to identify hazardous events and can act as plan monitoring agents.
After reviewing papers, Ref. [20] emphasized the importance of connecting the impacts and
outcomes of WSPs, improving training, and building staff capacity. Additionally, they sug-
gested that simplifying the WSP methodology could facilitate successful implementation.
Pilot schemes demonstrating the benefits of WSPs could stimulate their broader adoption.

The framework to ensure safe water, according to the WHO, is composed of health
targets, a WSP (including system evaluation steps, monitoring, management and commu-
nication) and a surveillance solution, placed for public health context [34].

In 2010, the same year that water and sanitation were recognized as human rights, the
WHO recommended the development of a specific SSP manual, which was published in
2016 [14,66]. The framework for implementing SSP includes national government, local
governance functions and community-level engagement functions, including individual
and shared services, and infrastructure [35].

Considering the technical documents evaluated, general safety plans’ structure must
include steps such as diagnosis, risk assessment and plans improvement. In addition,
other factors can influence the different plans’ design and implementation. SSP pilot
experiences took place in Banglare (India), Lima and San Juan de Lurigancho District (Peru),
Baliwag and Quezon City (Philippines), Benavente (Portugal), Kampala (Uganda) and
Hanoi (Vietnam) [14,60]. These authors identified that appropriate partnerships between
civil society, the sense of plan ownership, financial and experienced external consultants
support consisted of the set of successful factors for the preparation of plans [61].

The cases presented in the technical documents demonstrate the need to adapt this
methodology to local peculiarities concerning the financial, ecological or social terms. In
addition, support mechanisms for local reality and community participation have the
potential to make the WSP and SSP more effective [14,16]. Thus, it is necessary that any
and every safety plan proposal is able to contemplate the general structure previously
identified, and other elements facilitating success in its implementation.

4.1.2. Phase 1.2

Hereafter, the fundamental principles listed in the results will be detailed in terms
of their meaning. Risk management is the set of activities coordinated aiming to direct
and control the risks of an organization [36]. When this approach is incorporated into
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regulations related to drinking water supply, its main advantage is a safe parameter pattern
that will be tested, the encouragement of actions to prevent or mitigate contamination,
and more efficient resource allocation, when major public health risks in the system were
identified [34]. Based on risk assessment, which is part of its management, it is possible to
make decisions concerning control measures and highlight differences between urban and
rural systems [11,42].

Regarding education in rural areas’ basic sanitation, it can occur as formal, informal
or non-formal ways, which are central modalities used to receive proficient training in
the area. Training and educational programs contribute to the water supply systems’
continuity [67,68].

Social participation in this sphere includes aspects such as: understanding the rela-
tionship between water supply, sanitary sewage, solid waste and rainwater management,
healthiness and health, and understanding technologies adopted, their services’ opera-
tion and management, a basic sanitation forum, sharing information, and participation
in public audiences [37,69,70]. Social participation in basic sanitation is not a widespread
practice; although its benefits are known, those do not arise from the simple existence of
said processes [28,71,72].

However, it is necessary to point out that every population practice, interest and
need should be aligned with each other, enabling existing technologies and projects in this
subject, and supplying the necessary tools to achieve their objectives [71,73,74]. In addition,
the social participation process offers, as a result, strength and legitimate interventions,
causing an increase in the population’s concern with basic sanitation problems, strength-
ening both sustainability and quality services. On the other hand, when the population
avoids participating, projects may offer a lower quality of monitoring mechanisms [28,68].
Therefore, the participation of all actors, combined with educational actions, is fundamental
for public policies, especially those related to water supply, sanitary sewage, solid waste
and rainwater management and health, such as the RBSSP.

The premise of multiple barriers is associated with the adoption of more than one
control measure type (also called barrier) in systems, looking to minimize risks and ensure
their safety [13,60]. The multiple barriers’ approach is widely adopted on WSP and SSP
safe management, due to its advantage, which is the fact that when a barrier fails, others
can compensate this deficiency; with this, system safety and continuity can be guaran-
teed [34,36,75]. In addition to the recommendation made by the WHO, the principle has
been adopted in several countries and recommended by environmental agencies, as shown
in a Canadian case [44,76,77].

According to the WHO, health is defined as the whole human state of physical, mental
and social well-being, not merely the absence of disease and illness [78]. This concept does
not consider local specificities, where the individual or population lives, besides referring
to a fixed and ideal situation.

The relationship between health and sanitation, especially in rural areas, can be
observed in the scientific literature [25,79–82]. To consider this, the specific context where
human beings live must be included in health, as in the so-called “health extended concept”.
The determinants and constraints that impact living conditions and, therefore, health are
not simply the absence of disease, but basic sanitation, food, housing, work, education,
and the environment, among others [6,8]. In a recent study, Ref. [22] evaluated the impacts
of Water Safety Plan (WSP) implementation in Egypt, focusing on the performance of the
country’s water sector. The study highlighted the need to strengthen the link between
public health and WSPs in the county. It recommended building a core team with expertise
in risk management and incorporating staff from diverse specializations and capacities,
which requires training the staff in WSP and risk management [22].

Safety plans must be aligned with the current national legislation [16,83,84]. In Brazil,
the Legal Framework for Basic Sanitation (Law No. 11,445/2007 [39] and its updates) is
one of the world’s laws that defines and guides basic services’ provision, regarding the
provider’s nature, which must be guided by 16 fundamental principles (Article 2). Among
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the aforementioned principles, 14 can be applied in rural areas, and 1 applies when the
concession contract establishes it (Section IV) [39]. In the absence of national legislation,
these principles can be adopted as guidelines for RBSSP preparation.

4.1.3. Phase 1.3

For the implementation of WSP and SSP, the WHO’s methodology must be applied
considering some flexibilities, adapting and improving this methodology, especially in
the risk assessment stage. In some cases, the addition of interested aspects to each reality
might impact the WSP. In Vanuatu, Oceania, the variable water availability was included
to assess possible climate change impacts [9]. In Senegal and Burkina Faso, after assessing
the implementation sustainability of WSP, the application of a survey was proposed, prior
to its preparation, with the purpose of identifying the facilitating aspects or challenges in
its implementation. Therefore, this survey helps identify the local leaders’ participation in
the water supply system’s complexity as key factors to be reinforced before preparing the
WSP [52,85].

Other factors for safety plans’ implementation were pointed out as important, among
which are previous community preparation, aiming towards its understanding and knowl-
edge, which can result in better adherence to the methodology [50,86,87]. Hence, the service
provider’s participation and the identification of individual solutions for each location
reduces problems during the plan’s implementation [3].

The matrix, especially the semi-quantitative one, was the most identified risk assess-
ment methodology [11,42,48,50,57]. However, other tools such as assessment software,
scores, surveys and workshops have also proven to be useful for safety plan step [41,53–55].
However, specific risk assessment procedures for rural areas are being developed and can
be part of specific plans, as in RBSSP case [31,32].

4.1.4. Second Phase

The conceptual model initially proposed included three aspects: the main elements
found in WSP and SSP, recommendations from the literature and local legislation require-
ments, in this case, in the scope of Brazilian law. Such aspects were incorporated in the
presented steps, which are similar to those found in the preparation of safety plans guide-
line documents [16,83]. The stage of community preparation and mobilization activities
was included with the objective of providing relevant considerations offered by the sci-
entific literature, which emphasized the importance of adapting the methodology to the
local reality and preparing the community to participate and receive the respective training
for RBSSP preparation [52,85,86]. The foundations adopted include, therefore, the local
legislation requirements and the literature recommendations, such as risk management
and social participation.

4.1.5. Third Phase

As for RBSSP stages, in the first stage, it is possible to point out that interventions in
rural areas’ basic sanitation, where the consultation of interested parties who consider the
local context and the community preferences tends to result in better performance than
with those that do not [28,72,73]. Including community members in the preparation is
the key success factor for WSP [56,87]. Thus, the first stage was proposed with a specific
function, deemed as an important moment to prepare the responsible team and community,
as well as enabling the effective inclusion and preparation of the population.

Also, in this stage, the RBSSP limits were defined. In the WSP, the scope goes from
water catchment until its consumption, while in the SSP, the boundaries must be defined
based on the plan’s objective [14,16]. In the RBSSP case, as it incorporates all basic sanitation
components, its delimitation must consider such services and rural areas’ characterization,
where the plan will be applied. Some techniques help to establish these borders, such as
the characterization of the area, based on census sectors [88], and the direct application of
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the concept of rurality from PSBR [37], among other relevant methods and adapted to the
local reality.

Step 2, which deals with diagnosis, has actions that describe, locally, basic sanitation
reality and health. Perceiving the local context comprehensively is one of the factors which
facilitates WSP implementation in rural areas and must consider aspects such as housing,
socio-political structure, and local authorities, and the presence of committees related to
water, control measures, existing management practices, among others [9,52]. Therefore,
this part of the RBSSP preparation supports the next steps and, when carried out in an
inclusive way, can facilitate its implementation. In addition, gathering information, which
is not only about basic sanitation, but also about habitability and health, can support the
preparation of improvement plans, as they impact possible solutions.

Risk assessment (Step 3) can be one of the most difficult phases since similar diffi-
culties are observed in those related to the preparation of WSP. The adaptation of both
the risk assessment and other methodologies adopted might be the enabling factor for
the implementation of WSP in rural areas [11,18,55]. In some cases, it is recommended to
develop this step in a simplified way, based on discussion and decision-making from a
defined technical team [14,16]. Risk assessment techniques and studies, adapted to local
reality, especially focusing on the rural area, should be prioritized and have been devel-
oped and presented in the literature [5,31,32,42,89]. The authors of [21] adapted the risk
assessment methodology for small rural systems. The authors highlighted the importance
of having data on infrastructure, control measures, and historical information about the
systems. They recommended using their results to build a national database on water
supply risks [21].

The implementation of control measures is an essential activity to reduce health risks
in an exposed population [14,34]. As well as operational monitoring and verification,
improvement plans are essential for the execution of WSS since it is necessary to support
those involved in the process and evaluate its impacts or results [9,18,22,90]. Regarding
monitoring and verification, a unified group of operational indicators may help to measure
the impact of safety plans [22].

Dealing with routine situations is important, as the preparation for emergency situ-
ations is as well [14,16,91]. Even when water safety is not completely assured, warning
systems can, for example, introduce additional treatments, if necessary [55]. In this sense, a
stage (stage S5—Figure 6) committed to this activity, which is also provided to WSP and
SSP, can help in the ability to respond in these situations [11,42].

The evaluation of safety plans, its review and adaptation to local context include
aspects learned and improving it is a continuous and necessary process to obtain best
results [11,18]. The characteristic of continuous improvement, which is inherent to safety
plans, implies a step like S6 (Figure 6), dedicated to this activity. The use of indicators
can reveal advances and challenges for the implementation of safety plans [3,22,45], being
recommended by the WHO for WSP and SSP monitoring [14,16].

4.2. Case Study

The proposed CMRBSSP allows for changes and adjustments according to the scenario.
The actions of the conceptual model were enhanced through a comparison with empiri-
cal data and information obtained from the João de Deus settlement. In the simulation
performed at the present research, this feature was tested so that researchers and other
interested parties could apply this CMRBSSP, adapting it to every reality, according to local
needs and demands. This recommendation is also indicated by the WHO for WSP and
SSP [14,16].

Still during the present case study, the need to collect the concerns of the population,
given the diagnosis obtained, has proven that community participation and promotion is
fundamental for RBSSP and, at the same time, an informal education process, meeting the
literature requirements [28,67,68].
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CMRBSSP Step S3 simulation was implemented, and collective and individual systems
were evaluated separately. Thus, as in the community used for assessment, others can also
access basic sanitation services in both ways. In collective solutions, a semi-quantitative
risk matrix was used [31]. For individual systems, a safety index was adopted, showing the
situation of households, which can be used in safety plans [32]. Other tools and techniques
can be also used, adapting them to the local reality, available in the technical–scientific
literature [5,42,89].

During the CMRBSSP Step S4 simulation, referring to improvement and the preparation
of monitoring plans, the need for the participation of the community was identified. Action
S4-A1 (survey for registering concerns of the population that uses basic sanitation services)
was included, where the possibility of collecting the concerns regarding basic sanitation,
health and habitability was included on the definition of RBSSP objectives and targets,
guiding the construction of the improvement. The Step S4 simulation reinforced the
importance of social participation as fundamental, as well as the recommendations issued
by specialists, and as seen in the literature [28,72].

To promote an assertive review process, during the application of the CMRBSSP simu-
lation, indicators were used to promote continuous monitoring of RBSSP. Each indicator
was established in order to verify whether established goals, based on the community’s
aspirations, were achieved, as well as to proceed on towards possible evolutions. There
is a variety of methods for the selection of indicators for monitoring water, sewage and
hygiene [92–94].

Therefore, the RBSSP differs from the models proposed by the WHO in three key aspects:

- Detailed steps and actions: The RBSSP consists of 6 steps and 20 actions which
differ from the WHO proposal, as outlined in Table 2. This level of detail facilitates
understanding and implementation by smaller service providers and communities
that lack sufficient staffing.

- Expanded fundamental principles: The fundamental principles of the RBSSP are
broader than those of the WHO. While the WHO primarily focuses on the principle of
multiple barriers and risk analysis, the RBSSP extends further to incorporate social
participation, an expanded concept of health, and the four components of basic
sanitation (water supply, sewage, waste, and drainage).

- Comprehensive context: the RBSSP context includes socio-economic, cultural, and
political issues, which are not addressed in the general WHO framework for WSP
and SSP.

The strengths of this paper lie in its comprehensive safety plan, which is closer to
the integrated nature of rural environments where all components are interconnected.
Moreover, the modern six fundamental principles align with the concept of health extended
and that is not rooted, ensuring applicability beyond places with basic sanitation standards
established. Additionally, the detailed and self-explanatory actions facilitate implementa-
tion, particularly beneficial for small providers with limited staff. About the limitations,
this paper does not develop the tools to address risk assessment to rural areas. In addition,
more case studies can be performed in order to obtain specific examples and possibilities
for each rural settlement, which may help small providers and small communities.

5. Conclusions

This work allows us to draw the following conclusions:

• The WSP and SSP frameworks consist of multiple steps and must include phases for
diagnosis, risk assessment, management plans and continuous improvement phases,
which are relevant for any safety plan methodology.

• A methodology for the preparation of safety plans for rural areas, related to basic
sanitation, can be used as it is or adapted, depending on the local reality, such as
cultural, economic, regulatory and community involvement aspects. However, there
is a gap in the adaptation process. The methodology adaptation to rural settlements
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and to include the four components of basic sanitation remains a gap in the literature,
which evidences the importance of RBSSP.

• It is possible to develop a comprehensive safety plan that integrates water supply,
sewage, solid waste management and rainwater management in rural settlements.
This plan should be based on the principles of basic sanitation, ensuring that all steps
are applied to these four services.

• The methodology for the preparation of RBSSP must address specific and/or greater
impact issues, such as the community representation team for its preparation, and the
expanded concept of health application connected to each one of the basic sanitation
services (water supply, sewage, solid waste management and rainwater management),
which differentiates it from urban areas.

• Community participation, involvement and empowerment must be considered in
RBSSP methodology, as these are factors of greater relevance in its implementation,
specially to ensure the connection between the four components of basic sanitation
and because most of these services are provided by the population.

• It is important that RBSSP fundamental principles are explicit and are used during
its preparation, implementation and for decision-making. This can strengthen the
implementation of RBSSP, ensuring that it focuses on the most important issues in
rural basic sanitation.

• The necessary tools for the preparation of RBSSP, such as risk assessment methodologies
and management plans, must be applied considering RBSSP fundamental principles.

• The application simulation of the conceptual model showed that it is necessary to adapt
the actions, to apply appropriate methods and techniques developed for the rural area,
as a way to properly prepare RBSSP, according to the scenario. After conducting the
case study, the final RBSSP framework consists of six fundamental principles, six steps,
and twenty actions to be implemented in any type of rural settlement.

Thus, the CMRBSSP for the preparation of RBSSP proposed here contemplates basic
sanitation components (water supply, sanitary sewage, solid waste management and
rainwater) in a comprehensive safety plan, community participation and health expanded
concept as key guiding factors. It can also be applied to rural communities, in full or
modified form, with the potential to improve their quality of life. There is a gap related
to the need for improvement or development of the tools used in the preparation of
RSSP, which must be aligned and integrated with the proposed methodology and existing
public policies.
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